resonance, t h e o r i e n t i n g e f f e c t s of d i s t o r t i o n s i n t h e e l e c t r o n clouds of t h e 3~e atoms comprising t h e Cooper p a i r s , and t h e high r e s o l u t i o n t o r s i o n a l pendulum experiments i n c l u d i n g measurements of ps/p and 0 . An e f f o r t i s made t o d i s c u s s v a r i o u s experiments a s t h e y r e l a t e t o each o t h e r and t o our u n d e r s t a n d i n g o f s u p e r f l u i d 3~e .
A b s t r a c t . -A review i s p r e s e n t e d of r e c e n t e x p e r i m e n t a l work i n s u p e r f l u i d 3~e i n v o l v i n g magnetic resonance, t h e o r i e n t i n g e f f e c t s of d i s t o r t i o n s i n t h e e l e c t r o n clouds of t h e 3~e atoms comprising t h e Cooper p a i r s , and t h e high r e s o l u t i o n t o r s i o n a l pendulum experiments i n c l u d i n g measurements of ps/p and 0 . An e f f o r t i s made t o d i s c u s s v a r i o u s experiments a s t h e y r e l a t e t o each o t h e r and t o our u n d e r s t a n d i n g o f s u p e r f l u i d 3~e .
INTRODUCTION.-I n t h i s a r t i c l e I w i l l d i s c u s s r e c e n t t h e s e o b s e r v a t i o n s had r e g a r d i n g t h e s u p e r f l u i d s experiments i n j u s t t h r e e a r e a s o f s t u d y , t r y i n g t o themselves. S i n c e t h a t time, s t u d i e s of n u c l e a r mar e l a t e them t o e a c h o t h e r and t o t h e f u l l e r undersg n e t i c phenomena have c e n t e r e d around t h r e e major t a n d i n g of 3~e we hope t o o b t a i n . These a r e a s a r e a r e a s : 1) Attempting t o r e s o l v e t h e d i s a g r e e m e n t s magnetic resonance, e l e c t r o n i c e f f e c t s i n v o l v i n g the which e x i s t e d when t h e B phase s u s c e p t i b i l i t y was e l e c t r o n clouds of t h e 3~e atoms, and r e c e n t measumeasured s t a t i c a l l y and t h e n dynamically. 2) S t u d i e s rements of n and ps/p. I r e g r e t n o t being a b l e t o of s p i n dynamics of s p a t i a l l y non-uniform s a p l e s , a n d cover more i n t h i s m a n u s c r i p t , and a p o l o g i z e t o tho-3) S t u d i e s of l o n g i t u d i n a l s p i n r e c o v e r y u s i n g t h e
s e whose work i s n o t mentioned. U n f o r t u n a t e l y , spapowerful SQUID-NMR t e c h n i q u e s .
In a d d i t i o n t o t h e s e c e i s too l i m i t e d , and t h e r e i s t o o much t o d i s c u s s . t h r e e major a r e a s of i n t e r e s t , e f f o r t s have c o n t i -
A) Nuclear Magnetism.-nued t o measure l o n g i t u d i n a l resonance f r e q u e n c i e s a s a f u n c t i o n o f p r e s s u r e and l i n e w i d t h s a s a funci ) I n t r o d u c t i o n . -The unusual behavior o f t h e nut i o n of temperature ; and I r e f e r t h e r e a d e r t o t h e c l e a r magnetic moments i n s u p e r f l u i d 3~e was one o f v e r y b e a u t i f u l work by Avenel e t a l . / 7 / a l t h o u g h I t h e e a r l i e s t and most u s e f u l probes of t h e n a t u r e w i l l n o t cover i t h e r e .
of t h e o r d e r e d phases / I / . I n t e r p r e t e d through t h e t h e o r e t i c a l work of A.J. Leggett / 2 / , t h e s h i f t s i n t h e magnetic resonance f r e q u e n c i e s of quasi-uniform samples, a s w e l l a s t h e l o n g i t u d i n a l resonance modes f i r s t p r e d i c t e d by L e g g e t t / 3 / , a n d combined w i t h measurements of t h e n u c l e a r magnetic s u s c e p t i b i l i t i e s / 4 / , h a v e allowed u s t o f i n g e r p r i n t t h e m i c r o s c o p i c i d e n t i t i e s o f t h e new s t a t e s w i t h i n t h e broad mani-
f o l d of L = I s u p e r f l u i d s c o n s i d e r e d . The observat i o n of a t r a n s v e r s e resonance frequency s h i f t i n t h e A1 phase /S/,combined w i t h t h e t h e o r e t i c a l work by N.D. Mermin / 6 / f u r t h e r enhanced t h e l i k e l i h o o d t h a t t h e A and B phases a r e L = 1 s u p e r f l u i d s by e l i m i n a t i n g a s a p o s s i b l e contender f o r t h e A, phas e t h e most l i k e l y L = 3 c a n d i d a t e .
By t h e time o f LT14 a c o n s i d e r a b l e amourltwas known b o t h about t h e s u p e r f l u i d s p i n dynamics, even i n t h e non-linear regime, and t h e i m p l i c a t i o n s t h a t i i ) S t a t i c S u s c e p t i b i l i t i e s i n 3~e~. -One of t h e most u n s e t t l i n g c o n t r o v e r s i e s i n t h e f i e l d o f superf l u i d i t y i n 3~e h a s been t h e disagreement of s t a t i c S measurements of t h e B phase s u s c e p t i b i l i t y , xB, w i t h D v a l u e s , XB, made u s i n g NMR t e c h n i q u e s . G e n e r a l l y , S ' S s t a t i c measurements a c t u a l l y r e c o r d xN -xB, whereas NMR measurements record o n l y t h e n u c l e a r s u s c e p t ib i l i t y d i r e c t l y . Although one does n o t e x p e c t a change i n t h e non-nuclear magnetic s u s c e p t i b i l i t y c o n t r i b u t i o n s i n t h e B p h a s e , p r e v i o u s experiments S S D D have c o n s i s t e n t l y found XN -xB = 1.5 (xN -xB) /8/.
One p o s s i b l e source o f t h e above disagreement was l o n g b e l i e v e d t o b e t h e manner i n which t h e s t at i c SQUID magnetometers were c a l i b r a t e d . T o e l i m i n at e t h i s p o s s i b l e f a i l i n g of t h e SQUID t e c h n i q u e , two s e p a r a t e experiments have been performed /9,10/ i n which t h e SQUID system was c a l i b r a t e d by u s i n g a r esonant r a d i o frequency ( r f ) p u l s e t o t i p t h e nuclea'r
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19786556 magnetization by a known a n g l e , u s u a l l y 180°, and observing t h e change i n t h e s t a t i c magnetization i n t h e process. This c a l i b r a t i o n was g e n e r a l l y p e r f o rmed j u s t above T . Once c a l i b r a t e d , t h e SQUID systems were a b l e t o measure t h e changes i n s u s c e p t ib i l i t y a t t h e A 2 B t r a n s i t i o n s and a s a f u n c t i o n of temperature by n o t i n g t h e changes i n magnetization a s they had measured them b e f o r e . I n work by Webb a t Argonne / 9 / , however, t h e recovery of t h e B phase magnetization could b e observed f u l l y f o l l o w i n g an r f p u l s e w h i l e i n t h e s u p e r f l u i d phase, s o t h a t
Webb was a b l e t o u s e h i s SQUID system t o a c t u a l l y measure t h e dynamic s u s c e p t i b i l i t i e s a s w e l l a s t h e s t a t i c changes i n s u s c e p t i b i l i t y . This e l i m i n a t e d t h e need t o a d j u s t thermometry s c a l e s i n o r d e r t o compare h i s r e s u l t s t o t h e dynamic measurements.
The r e s u l t s o f t h e s e experiments a r e s t i l l a mystery however : The s t a t i c s u s c e p t i b i l i t y d i f f e r e n c e s Webb measures a r e s t i l l n e a r l y 1.5 times a s l a r g e a s t h e d i f f e r e n c e s , D D xN -xB, which he measures dynamically.
I n work a t La J o l l a by Sager e t a l . / I 0 1 measurements were made i n t h r e e d i f f e r e n t geometries, although no s i g n i f i c a n t dependence on geometry was S S noted. I n t h e La J o l l a work xA -x was recorded a t B *the thermodynamic B -+ A t r a n s i t i o n a s a f u n c t i o n of p r e s s u r e . T h e i r r e s u l t s show t h a t t h e s t a t i c suscept i b i l i t y d i f f e r e n c e s a r e s t i l l c o n s i s t e n t l y l a r g e r than t h e dynamic d i f f e r e n c e s , b u t t h a t t h e r a t i o of t h e two v a l u e s approaches u n i t y a s t h e p r e s s u r e approaches t h e m e l t i n g p r e s s u r e . T h i s f e a t u r e was n o t c l e a r i n t h e Argonne r e s u l t s , although t h o s e r e s u l t s were o b t a i n e d only a t 26.5 b a r and 18 b a r p r e s s u r e s .
Because t h e La J o l l a group must compare t h e i r s t a t i c v a l u e s w i t h dynamic measurements made elsewhere, t h e r e i s s t i l l a q u e s t i o n concerning thermometry s c a l e s , and hence some room f o r f u r t h e r adjustment I t seems h i g h l y u n l i k e l y , however, t h a t any such manipulation w i l l e l i m i n a t e the s t i l l s u b s t a n t i a l discrepancy between t h e r e s u l t s of t h e two d i f f e r e n t types of measurements a t lower p r e s s u r e s , and t h e n a t u r e of t h e disagreement i s s t i l l a fundamental q u e s t i o n we do not understand. i i i ) S p i n Dynamics of Non-Uniform Samples.-E f f o r t s t o understand s u p e r f l u i d 3~e s p i n dynamics i n t h e presence of non-uniform t e x t u r e s have r e p r e s e n t e d a major new t h n s t s i n c e LT14, and one which may w e l l b e expected t o c o n t i n u e f o r y e a r s t o come.
The f i r s t c a r e f u l e f f o r t t o understand s t a nding s p i n waves i n a known geometry was made a t B e l l Labs. /11,12/. I n t h a t work NMR s p e c t r a of a sample of 3~e~ between p a r a l l e l p l a t e s was s t u d i e d when t h e s t a t i c f i e l d was i n t h e p l a n e of t h e p l a t e s . I n such a geometry t h e a n i s o t r o p y a x i s i n 3~e~, 3, i s f i x e d almost r i g i d l y a t t h e w a l l s t o l i e n e a r l y perpendi--+ c u l a r t o Ho, b u t bends upward between t h e p l a t e s t o -f l i n e n e a r l y along Hn. Since t h e t r a n s v e r s e frequen--cy s h i f t i n 3~e~ i s p r o p o r t i o n a l t o n2 t h e square -L'+ of t h e component o f 6 ~e r~e n d i c u l a r t o Ho, a l a r g e v a r i a t i o n i n t h e l o c a l t r a n s v e r s e NMR frequency s h i f t r e s u l t e d . However, r a t h e r than observing a broad NMR l i n e , t h e B e l l group i n s t e a d observed up t o f o u r n e a r l y e q u a l l y spaced resonance peaks.
To understand t h e above r e s u l t , c o n s i d e r t h e e q u a t i o n governing t h e s p i n dynamics i n such a geometry :
Here E i s t h e t r a n s v e r s e frequency s h i f t normalized t o i t s v a l u e when n :
S i s t h e p r e c e s s i n g mag n e t i z a t i o n , RS i s t h e d i p o l a r h e a l i n g l e n g t h , and f ( 6 ) i s a s c a l a r of o r d e r u n i t y . This e q u a t i o n r esembles a Schrzdinger e q u a t i o n w i t h E t h e eigenval u e and n : a p o t e n t i a l energy term. It i s assumed t h a t t h e v a r i a t i o n of 6 i s along 2.
I n t h e geometry of t h e B e l l Labs. experiment, n : v a r i e s approximately q u a d r a t i c a l l y over t h e 3~e f i l l e d region. Once t h i s v a r i a t i o n of n :
i s substitut e d i n t o e q u a t i o n 1, one o b t a i n s t h e e q u a t i o n of a harmonic o s c i l l a t o r , i n which t h e s p i n wave modesare trapped i n t h e q u a d r a t i c p o t e n t i a l w e l l c r e a t e d by t h e t e x t u r e .
By determining t h e 6 t e x t u r e numerically on a computer and u s i n g t h a t t e x t u r e i n s o l v i n g equat i o n l , t h e B e l l group a r r i v e d a t resonances which c l o s e l y matched t h e i r d a t a . These r e s u l t s have given u s confidence i n d e a l i n g w i t h t e x t u r a l induced d i st o r t i o n s i n NMR s p e c t r a .
At the time of LT14, Avenel e t a l . / 131 ob-
served " s a t e l l i t e " resonances i n l o n g i t u d i n a l NMR s p e c t r a i n jHe.A. We now b e l i e v e t h e s e s a t e l l i t e s a r e a s s o c i a t e d w i t h s p i n waves trapped i n a d i p o l a r
p o t e n t i a l w e l l a s s o c i a t e d w i t h a p l a n a r s i n g u l a r i t y i n 3~e~ which h a s been s t u d i e d e x t e n s i v e l y theoret i c a l l y by Maki and Kumar /14,15/. These s i n g u l a r it i e s , t o p o l o g i c a l s o l i t o n s , r e s u l t when two r e g i o n s o f 3~e~ a r e joined t o g e t h e r i n which a i s p a r a l l e l t o ^a i n one o f t h e r e g i o n s and a n t i p a r a l l e l t o i n t h e o t h e r . Maki and Kumar determine t h e t e x t u r e s f o r such s i n g u l a r i t i e s i n s e v e r a l experimental s i -t u a t i o n s by r n i n i m i~i n g t h e t o t a l f r e e energy assoc i a t e d w i t h them. Then using a n equation s i m i l a r t o equation 1 , they determine t h e bound s p i n waves ass o c i a t e d with the s o l i t o n s . I n g e n e r a l , t h e i r calcul a t i o n s f i t r e c e n t d a t a q u i t e c l o s e l y . I n f a c t , rec e n t l y Maki 1151 has f i t the temperature dependence of t h e r a t i o of t h e l o n g i t u d i n a l s a t e l l i t e resonant frequency t o t h e main l o n g i t u d i n a l resonant frequen- 
f i t t h e i r s p i n wave d a t a t o theory, and by

Pethick, Smith and Bhattacharyya 1171 who needed i t t o f i t normal s t a t e v i s c o s i t y d a t a t o t h e i r theory.
Perhaps we a r e again l e a r n i n g something about t h e normal Fermi l i q u i d by studying t h e s u p e r f l u i d pha-
ses.
There i s no u n i v e r s a l agreement t h a t t h e sat e l l i t e resonances, s e e n i n both l o n g i t u d i n a l and t r a n s v e r s e NMR experiments, can be completely ex-
plained by t h e s o l i t o n p i c t u r e , although I personall y am very o p t i m i s t i c : I n work by Gould and Lee 1161 i t was observed t h a t rapid h e a t flow could crea-
te t h e s a t e l l i t e resonances, as i f 2 were being pulled o u t of t h e plane i n which a must r e s i d e d u r i n g t u r b u l e n t counterflow, thereby allowing a s o l i t o n t o be formed. Giannetta, Smith and Lee 1181 showed t h a t s a t e l l i t e s of n e a r l y t o t a l l i n e i n t e n s i t y (no main peak) could be formed i n pulsed experiments by -+ t i p p i n g t h e magnetization, MZ, w e l l away from Ho. In l a t e r s e c t i o n s of t h i s manuscript i t w i l l be shown how such a process can be expected t o c r e a t e s o l i -
tons. Bozler and Bartolac 1191 have shown t h a t i n pulsed experiments, s a t e l l i t e resonances a r e created w i t h i n a very s h o r t time (-20 ms) following a t i pping pulse. F i n a l l y , Kokko e t a l . 1201 have demonst r a t e d t h a t t h e s a t e l l i t e s o r i g i n a t e from q u i t e loc a l i z e d regions of t h e f l u i d , and t h a t they r e q u i r e a s t a t i c f i e l d t o s t a b i l i z e them, a t l e a s t i n t h e i r p a r a l l e l p l a t e geometry. A l l t h e s e c h a r a c t e r i s t i c s a r e c o n s i s t e n t with t h e s o l i t o n model.
Our apparent a b i l i t y t o i d e n t i f y t e x t u r a l s i n g u l a r i t i e s i n 3~e A by t h e i r NMR s i g n a t u r e s i s very heartening, and may eventually prove important i n understanding t h e e f f e c t s of flow i n 3~e A , such a s t h e v e r y complex r e s u l t obtained by Adams and coworkers a t t h e University of F l o r i d a , / 2 1 / i n which apparent decreases i n t h e A phase s u s c e p t i b i l i t y and a complex time dependent NMR s p e c t r a were observed
In an a r e a r e l a t e d t o t h e s o l i t o n problem, groups a t Sussex 1221 and Cornell 1231 have been studying NMR s p e c t r a of 3~e~ contained i n 2 vm diameter c y l i n d r i c a l channels i n order t o understand t h e equilibrium t e x t u r e s i n r e s t r i c t e d geometries.
I n such t i g h t spaces 1 cannot remain everywhere par a l l e l t o 2, and hence t h e NMR resonant frequency i s depressed r e l a t i v e t o t h e bulk. There i s , a s w e l l , t h e p o s s i b i l i t y t h a t t h e equilibrium t e x t u r e w i l l be dominated by a l i n e s i n g u l a r i t y which can be d e t e rmined from i t s NMR s i g n a t u r e . It now appears t h a t both groups have seen two s e p a r a t e t e x t u r e s s t a b l e i n d i f f e r e n t temperature r e g i o n s , which transform i n t o each o t h e r on warming o r cooling v e r y slowly.
These observations w i l l undoubtedly produce a g r e a t d e a l of f u r t h e r experimental and t h e o r e t i c a l work. produced a theory p r e d i c t i n g a new magnetization recovery mechanism i n which t h e d i p o l a r torque represented t h e s p i n nonconserving process. This theory suggested t h a t t h e excess energy i n t h e s p i n system should obey t h e r e l a t i o n s h i p :
Here t h e l e f t hand s i d e of t h e equation i s t h e time r a t e of change of t h e energy i n t h a s p i n system, with ED t h e d i p o l a r energy, which we s h a l l ignore a s t i c r a t i o , and ¸ is t h e normal q u a s i p a r t i c l e s c a tt e r i n g time a t t h e Fermi s u r f a c e .
The L-T e q u a t i o n s u g g e s t s a r e l a x a t i o n time T p r o p o r t i o n a l t o (I-T/T )3/2 n e a r t o Tc, i n which
M~
r e c o v e r s l i n e a r l y w i t h time. Because t h e times Z f o r f u l l s p i n recovery a r e p r o p o r t i o n a l t o H2 i n t h i s t h e o r y , one needs t o s t u d y t h i s phenomenon i n v e r y low f i e l d s where more r a p i d p r o c e s s e s w i l l n o t dominate t h e recovery. Sager e t a l . /25/ a t La J o l l a , and ~e b b / 2 6 / a t Argonne have employed SQUID NMR t o study t h e s e rel a x a t i o n processes. As i n t h e s t a t i c m a g n e t i z a t i o n s t u d i e s , they have t i p p e d t h e m a g n e t i z a t i o n w i t h a r e s o n a n t r f p u l s e , and t h e n followed t h e r e c o v e r y of M d i r e c t l y u s i n g SQUID magnetometers. T h i s t e c h n iz que has many v i r t u e s over conventional NMR i n t h i s p a r t i c u l a r a p p l i c a t i o n , i n c l u d i n g good s e n s i t i v i t y a t very low f i e l d s , and t h e a b i l i t y t o r e c o r e t h e e n t i r e M recovery a f t e r a s i n g l e r f p u l s e . Both z groups have been a b l e
t o observe L-T recovery i n b o t h s u p e r f l u i d phases, although i n t h e La J o l l a s t u d y only i n a narrow temperature range very near t o Tc, and i n f i e l d s of 30 Oe o r l e s s . I n t h e Argonne work, L-T r e l a x a t i o n was observed i n 3~e~ i n f i e l d s a s high a s 180
Oe f o r (1-TIT ) a s l a r g e a s 0.07, b u t never i n a f i e l d a s low a s 31 Oe. I n g e n e r a l , t h e measured r e l a x a t i o n r a t e s appear t o b e somewhat t o o h i g h i n 3~e~, and i n 3~e~ Sager e t a l . measure a ( I -TITc) temperature dependence i n s t e a d o f ( I -T I T~)~~? .
It i s c l e a r , however, t h a t i n a t l e a s t c e r t a i n lim i t s t h e L-T r e l a x a t i o n does dominate a l l o t h e r proc e s s e s .
The d i f f e r e n c e s between Webb's r e s u l t s and t h o s e of Sager e t a l . may l i e i n t h e d i f f e r e n c e s i n geometry, and perhaps i n t h e g r a d i e n t s i n Ho. The
La J o l l a group s t u d i e d s p i n recovery i n a n open geometry, and i n geometries c o n t a i n i n g p a r a l l e l p l a t e s b o t h p a r a l l e l and p e r p e n d i c u l a r t o t h e s t a t i c f i e l d .
The r e s u l t s showed s t r o n g dependences o f t h e charact e r of t h e recovery p r o c e s s e s on geometry. L-T rel a x a t i o n was o n l y observed i n 3~e~ i n t h e open and
p a r a l l e l ( t o H ) p l a t e a r r a y . I n 3~e~, L-T r e l a x at i o n was only observed i n t h e open geometry.
Under o t h e r c o n d i t i o n s than t h o s e d e s c r i b e d above, both groups observed a v a r i e t y o f d i f f e r e n t r e l a x a t i o n b e h a v i o r s , i n c l u d i n g l i n e a r recovery of
MZ w i t h time v e r y s i m i l a r t o t h e C-0 r e s u l t s , and e x p o n e n t i a l recovery i n t h e B phase which may be i n good agreement w i t h t h e behavior C-0 observed i n t h e B phase. (Because i n t h e B phase C-0 observed a s t r o n g dependence of TI on g r a d i e n t s i n Ho, and such g r a d i e n t s could n o t be v a r i e d i n e i t h e r of t h e new experiments, t h i s agreement i s t i l l i n q u e s t i o n . )
Two of many new f e a t u r e s Sager e t a l . /25/ -observed were t h a t i n t h e p e r p e n d i c u l a r ( t o Ho) plat e a r r a y , r e l a x a t i o n i n 3~e~ was much slower than e i t h e r of t h e o t h e r two geometries ; and t h a t t h e m a g n e t i z a t i o n i n t h e A phase d i d n o t always recover monotonically. F r e q u e n t l y a r e v e r s a l i n t h e recovery would be observed i n which t h e m a g n e t i z a t i o n would drop f o r a while b e f o r e c o n t i n u i n g t o r e c o v e r .
Sager e t a l . found t h e maximum o f t h i s r e v e r s a l t o be comp a r a b l e t o t h e s u s c e p t i b i l i t y a n i s o t r o p y i n 3~e~, and i t s d u r a t i o n t o b e comparable t o t h e o r b i t a l r e l a x a t i o n time.
Undoubtedly t h e most i n t e r e s t i n g new r e s u l t i n t h e Argonne work i s t h e e x i s t e n c e of a temperat u r e and f i e l d dependent c r i t i c a l t i p p i n g a n g l e f o r b o t h s u p e r f l u i d phases beyond which nonexponential r e l a x a t i o n i s observed, and below which e x p o n e n t i a l r e l a
x a t i o n i s observed. Webb f e e l s h i s r e s u l t s exp l a i n t h e v e r y d i f f e r e n t c h a r a c t e r of t h e A and B phase recovery mechanisms r e p o r t e d by C-0, b u t t h e dependence of h i s c r i t i c a l t i p p i n g a n g l e s on geomet r y and s t a t i c f i e l d g r a d i e n t a r e a s of y e t unknown.
S i g n i f i c a n t l y , t h e s e c r i t i c a l t i p p i n g a n g l e s e x t r a -
p o l a t e t o zero a t T f o r b o t h p h a s e s , s u g g e s t i n g t h a t t h e y a r e n o t r e l a t e d t o t h e c h a r a c t e r i s t i c ma-
g i c a n g l e s (such a s cos-' (-114)) i n e i t h e r phase.
I t has long been b e l i e v e d t h a t t h e l i n e a r recovery of MZ w i t h time may b e due t o c o u n t e r f l owing magnetization s u p e r c u r r e n t s caused by t h e d i ff e r e n c e s i n l o c a l chemical p o t e n t i a l of t h e s p i n system f o l l o w i n g a n r f p u l s e . I f s o , we would expect t h e a v e c t o r t o t w i s t up i n s p a c e , s i n c e i t i s r el a t e d t o t h e r e l a t i v e phases of t h e up and downspi" systems, and m a g n e t i z a t i o n superflow i s r e l a t e d t o s p a t i a l g r a d i e n t s i n t h a t r e l a t i v e phase. Such a t w i s t i n g would r e s u l t i n t h e ( a t l e a s t ) temporary
formation of 2 s o l i t o n s i n 3~e~ and 8 s o l i t o n s i n 3~e~, provided t h e g r a d i e n t s were s u f f i c i e n t l y l a r -
ge. We t h e r e f o r e cannot d i s c u s s m a g n e t i z a t i o n superc u r r e n t s w i t h o u t c o n s i d e r i n g s o l i t o n s a s w e l l . How t h e s e i d e a s must be modified by t h e r e s u l t s o f
Bozler and B a r t o l a c / 9 / i s u n c l e a r a t t h i s time, b u t c e r t a i n l y such s t u d i e s which probe t h e n a t u r e of t h e 
t i o n might b e t h e e x i s t e n c e of a magnetic moment a s s o c i a t e d w i t h
t h e ? v e c t o r i n 3~e A , and a perhaps s u b s t a n t i a l a lt e r a t i o n of t h e o r i e n t a t i o n a l e f f e c t s an e l e c t r i c 
tending t o a l l i g n i t normal t o E. T h i s i s due t o t h e e l e c t r i c d i p o l e energy of t h e p o l a r i z e d 3~e atoms i n d i r e c t anology w i t h t h e magnetic d i
t i o n s of t h e atoms of t h e Cooper p a i r s due t o dimer e f f e c t s j u s t where t h e l a r g e s t c o n t r i b u t i o n t o t h e e l e c t r i c d i p o l e energy should occur.
Two groups have r e c e n t l y t r i e d t o measure t h e e l u s i v e e l e c t r i c f i e l d e f f e c t . At La J o l l a , Paulson and Wheatley 1331 have used t h e a n i s o t r o p y i n t h e a t t e n u a t i o n of z e r o sound a s a probe 1351 t o monitor t h e o r i e n t a t i o n of 2 i n j~e~, While observ i n g t h e a t t e n u a t i o n , a, t h e two a p p l i e d a f i e l d of -lkV/cm a c r o s s t h e i r z e r a sound c e l l and looked f o r a change i n t h e a t t e n u a t i o n due t o a r e o r i e n t a t i o n .. of t h e i r 9, t e x t u r e . They c a l i b r a t e d t h e i r system t o .. small t o r q u e s on 9
. by applying and t h e n r o t a t i n g a small (300-600 mG) magnetic f i e l d . Except f o r a t r a n s i e n t , and a s t a t i c e f f e c t which occurred even i n t h e normal phase, Paulson and Wheatley observed no o r i e n t i n g e f f e c t
s of t h e e l e c t r i c f i e l d what s o ever. They e s t i m a t e t h a t i f i t e x i s t s , t h e e l e c t r i c
f i e l d o r i e n t a t i o n a l energy must be a t l e a s t 1000 times s m a l l e r t h a n D e l r i e u e s t i m a t e d .
At B e l l Labs., Paalanen e t a1.1341 looked f o r a n o r i e n t i n g e f f e c t of t h e ii v e c t o r i n 3~e~. By looking f o r a n e f f e c t i n 3~e~, t h e B e l l group could work a t much lower sample p r e s s u r e s , where Fermi l i q u i d e f f e c t s should be s m a l l e s t . I n t h e i r experiment, changes i n t h e o r i e n t a t i o n of t h e 6 t e x t u r e upon t h e a p p l i c a t i o n o f an e l e c t r i c f i e l d a s high a s 35 kV/cm were monitored by measuring t h e spinwave s p e c t r a i n a p a r a l l e l p l a t e a r r a y . The exper i m e n t a l geometry was n e a r l y i d e n t i c a l t o t h a t used p r e v i o u s l y i n t h e B phase spinwave s t u d i e s 1121.
Again, no e f f e c t was observed which could be i n t e rp r e t e d a s evidence of an e l e c t r i c f i e l d o r i e n t i n g e f f e c t . A t 32 b a r , the B e l l group e s t i m a t e t h e o r i e n t a t i o n a l energy t o b e a t l e a s t 3000 times l e s s than simple t h e o r y p r e d i c t e d , and a t 0 b a r a t l e a s t 700 times l e s s .
Exept f o r t h e 0 b a r r e s u l t by t h e B e l l group, none of t h e s e r e n o r m a l i z a t i o n f a c t o r s i s l a r g e r than t h o s e expected from a new t h e o r y I 3 6 1 which e s t i m a t e s Fermi l i q u i d renormalizing e f f e c t s . This
i s n o t t o say t h a t chemical e f f e c t s do n o t e x i s t i n t h e o r i e n t a t i o n a l e l e c t r i c f i e l d energy, b u t t h a t i f
they a r e indeed p r e s e n t , we w i l l have t o work much, much harder t o measure them. The o r i e n t i n g e f f e c t due t o a spontaneous m a g n e t i z a t i o n along x would depend upon which d i r e ct i o n x p o i n t e d r e l a t i v e t o t h e a p p l i e d f i e l d . I f upon warming above T and c o o l i n g back t h e 2 t e x t u r e were t o e x a c t l y r e v e r s e i t s s e n s e , then t h e change i n a caused by t h e m a g n e t i z a t i o n would a l s o r e v e r s e .
I n f a c t , Paulson and Wheatley d i d observe s c a t t e r i n t h e i r changes i n a upon r e p e a t e d c y c l i n g above and below Tc, and a n a p p a r e n t c l u s t e r i n g about two d i st i n c t s e t s of v a l u e s ; an encouraging s i g n .
U n f o r t u n a t e l y , t h e t e x t u r e s i n t h e sound c e l l a r e n o t w e l l known, and probably change w i t h temperature. I n any e v e n t , t h e changes i n a above and below t h e v a l u e a t t r i b u t e d t o t h e r e s i d u a l f i e l d showed c o n s i d e r a b l e s c a t t e r , and n o t t h e temperature dependence which i s a s s o c i a t e d w i t h t h e e f f e c t s of t h e spontaneous m a g n e t i z a t i o n . On t h e o t h e r hand, t h e magnitude of t h e s c a t t e r was f a r l a r g e r t h a n the two could a t t r i b u t e t o any known experimental a r t if a c t , and indeed v e r y n e a r l y e q u a l t o t h e magnitude of t h e change i n o r i e n t a t i o n expected from t h e spontaneous m a g n e t i z a t i o n .
It a p p e a r s q u i t e l i k e l y t h a t t h e La J o l l a p a i r have indeed d e t e c t e d spontaneous m a g n e t i z a t i o n a l o n g 3 , a l t h o u g h a s t h e y a r e q u i c k t o p o i n t o u t , t h e i r experiment i s o n l y q u a l i t a t i v e and from i t no v a l u e of t h e moment can be e x t r a c t e d . I f we a r e indeed t o understand L e g g e t t ' s chemical e f f e c t s , more c a r e f u l experiments w i l l be needed. I n p a r t i c u l a r , i t w i l l be n e c e s s a r y t o reduce t h e magnitude o f t h e r e s i d u a l f i e l d s o t h a t i t s e f f e c t s a r e no l o n g e r comparable t o t h e s c a t t e r which r e p r e s e n t t h e e f f e c t s of t h e spontaneous m a g n e t i z a t i o n on t h e o r i e n t a t i o n of z. o f 3~e such a s ps/p, t h e r e l a t i v e s u p e r f l u i d d e n s it y , and n, t h e v i s c o s i t y . Main e t a l . 1401 were t h e f i r s t t o u s e t h e t e c h n i q u e t o show c o n c l u s i v e l y t h e a n i s o t r o p y of p / p i n 3~e~, w h i l e Berthold e t a l .
/41/ have g o t t e n c r e d i t f o r t h e f i r s t a c c u r a t e measurements o f t h a t a n i s o t r o p y . Recently, P a r p i a e t a l . 1421 have a g a i n used such a t e c h n i q u e t o measure t h e normal and s u p e r f l u i d v i s c o s i t i e s of 3~e a t a number of p r e s s u r e s , w i t h p a r t i c u l a r emphasis being given t o t h e r e g i o n v e r y n e a r t o Tc.
I n t h e i r new r e s u l t s , P a r p i a e t a l . f i n d t h a t Aq/n v a r i e s a s (~-T / T~) ' /~ o n l y w i t h i n about 5 x lo-" o f Tc. T h i s i s s i g n i f i c a n t because i t was o r i g i n a l l y b e l i e v e d All/rl, should be p r o p o r t i o n a l t o t h e energy gap o n l y near Tc, but presumably over a s u b s t a n t i a l temperature i n t e r v a l . The new C o r n e l l r e s u l t s u p p o r t s a t h e o r e t i c a l p r e d i c t i o n by Ono e t a l . 1431. I n a d d i t i o n , P a r p i a e t a l . f i n d a subst a n t i a l -1.4 X drop i n q over a 5 pK temperature i n t e r v a l above Tc, and i n d i c a t e t h a t over t h i s same temperature i n t e r v a l a n anomalous r i s e i n t h e pe- t h i s a n a l y s i s shows t h e Yoshida f u n c t i o n i n 3~e~ t o be a s i n g l e f u n c t i o n of TITc, iddependent of p r e ss u r e . From t h e i n i t i a l s l o p e o f p /p n e a r Tc , t h e C o r n e l l group c a n e s t i m a t e Ac/AcBCS = 1.39 a t a l l p r e s s u r e s . T h i s i s i n good agreement w i t h t h e measurements by H a l p e r i n 1481 a t m e l t i n g p r e s s u r e , b u t t h e f a i l u r e o f t h e s t r o n g coupling e f f e c t s t o d e c r e a s e w i t h d e c r e a s i n g p r e s s u r e i s n o t expected.
Yet i t seems u n l i k e l y t h a t t h e platinum thermometry could be wrong by more t h a n t e n p e r c e n t a t most, and one would e x p e c t t h a t t h a t e r r o r should be a c o n s t a n t m u l t i p l i c a t i v e f a c t o r a t a l l temperatures.
Using t h e i r new Lanthinum d i l u t e d CMN t h e r -
mometry s c a l e , Wheatley and coworkers 1491 have r e c e n t l y reanalyzed p r e v i o u s z e r o sound d a t a o f Paulson e t a l . /50/ t o e s t i m a t e AC/ACBCS. They n o t e t h a t t h e z e r o sound a b s o r p t i o n peak i n 3~e~ i s rel a t e d t o t h e energy gap, and u s e t h e p o s i t i o n of t h e peak a s a f u n c t i o n of temperature t o o b t a i n t h e i r r e s u l t s . I n s t r o n g c o n t r a s t t o t h e C o r n e l l r e s u l t , t h e La J o l l a r e s u l t shows AC/ACBCS almost e q u a l t o u n i t y from 12 b a r t o 20 b a r sample p r e ss u r e . Although t h e l a c k of a temperature dependence agrees with the Cornell result, the value of AC/ACBCS is nearly 40 % lower than the Cornell result. This strong disagreement is well outside the errors in thermometry, and, according to Serene 1511 appears beyond the range which "non-trivial" strong coupling effects could produce, at least those which influence ps/p. It goes without saying that new, highly reliable measurements of the heat capacity jump are desperately needed.
